H40 % 8 (O I - SO Vol. 40 No. 8
201948 A Chinese Journal of Scientific Instrument Aug. 2019

DOI: 10. 19650/j.cnki.cjsi.J1804427

ETHRMEMKZR N FHERIC A7 5]

g B, e &,Km¥e
(RS MR RARL 2 Be Fgat 210016)

OE TSI R MR C R R B ME— B 5 F RETE R TP ORI B L BT T — R RLDUT AR S 4 AR iE
AR BRI A, AR T — R L T U 22 0 2% (8 S i AT A I U O ¥ o 1 SR AL T AR LR ST B0 ) K AR BILES , A 3L
R DU G it J UM G AE S IR A, I 05 e 1T 4 Bl 28 190 286 1 A 50 5 i ) s R0 IO 4 o AR — 2R 971 i ) o s 32 7 U
O BIRFRN ST G 5, SR P B R 19 406 X B 35 A TR, fo i v (6 58 12 (S i rhots o SRR IR 3R
A At 4R3O 208 oL - i s R 3R ATIA 97, 67% , ELZ MRS A58 A B (TRIGORT U BE (8 PSR TR R B S /DN 5 23 BB 0 B Rk
5it , BEVHERG 20350 M DU 2t a5 PO (O 500 00 e P R RE G EE

SRR : TR I DUT SR ISR AT SRR 46 5 IR B 1 BRI 5 vt s i

HESES: TP3OL. 41 XEARIRAS: A E KR F R K45 1 520. 2040

Detection and recognition of Chinese character coded marks based on
convolutional neural network

Tao Cong, Shi Yun, Zhang Liyan

(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract : In close-range photogrammetry, it is required that the adopted coded marks must have unique identification number and can be
identified as well as located accurately in the image. In this paper, a kind of coded marks with Chinese character as encoding
characteristic is designed, and a detection recognition method for the coded marks is proposed based on convolutional neural network.
Firstly, a virtual camera method based on the camera imaging principle is used to automatically generate large amount of simulative
images of the designed Chinese character coded marks, which are used as training samples. These samples are used to train the
convolutional neural network that is used as the recognition network of Chinese character coded marks. The real captured Chinese
character coded marks in the measurement images are detected with a series of cede mark sifting criteria, and the identification number
is identified with the coded mark recognition network. Finally, the ceded mark centers are located with the center location algorithm. The
experiment results show that the proposed recognition network has strong ability for recognizing the Chinese character coded marks, the
recognition rate reaches 97.67%. The proposed method is less affected by noise, projection angle, image contrast and brightness
changes, and possesses strong robustness. The proposed method can accurately segment the Chinese character coded marks and the
center location algorithm can accurately locate the mark centers.
Keywords : close-range photogrammetry; Chinese character coded mark; convolutional neural network; image segmentation; image
recognition; central positioning
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Fig.1 Chinese character coded mark
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Fig.3 Covering ambiguous Chinese character coded marks
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Fig.4 The imaging of virtual camera method
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Fig.5 Simulative images of Chinese character coded marks
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structure and visualized images
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Fig.8 Chinese character coded mark segmentation
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Fig.9 Recognition result of Chinese character coded marks
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Fig.10  Original picture of Chinese character coded mark
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i fith 1353

Fig.14 Chinese character coded mark segmentation of LOGO

cardboard images for different illumination intensities
and spatial positions
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Table 1 The real captured ceded mark recognition rate

( before improving the identification network)

IR S Uk PN At WA (% )
ol 672 232 65.47
EH 672 72 89.28
it 5 672 189 71.87
s 2016 493 75.54

TR oS AEEMR A R, ELA RIR B0 b BE FNE Bt AS [] 7T R
FOAHDILI: Az A A UL BT ) ot T BRAR AL, A7 M s i L
2 PR [ERT L FE AL5E BE X AR TR

BEXF BB AL, AS SCHE ) — BT PR AL R0 9 2%
BV GRAEA AT T« 1) XPBLL RS 25 Ffr e
FLFE GRS  SROtR I 7S D) K ey ST 7 52 ) BEATL 1 R AR 40
EURRIRT LS o 5588 B, HoE SLInF

Gray,,. — Gray,,.
aZT,ae[O.?),l] (12)
B =Gray,;.,.8 € [0,25]

Hrh, Gray,,,, ,Gray,, 53 R KSRGS H B R R
S5/ NRPEAR X IAARMEHEA T KB GE IR AR XS L o« 5
SEIE B RIS, MBI IK BN Gray=255a+B, &l 15
JI7R S DU i ith A9 S PG A R A T AR AL 45 i e
PN HORE 58 BE AR PR 2R S MR Z TR 6T L o
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(a) Real captured images
(b) RAEF F PR AR R
(b) Simulated images generated before using the interference model
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(c) Simulated images generated after using the interference model
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Fig.15 Comparison between real captured images and the
simulated images generated before and after using the

interference model
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Fig.16  The relationship between recognition rate and training

period after improving training samples
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Table 2 The real captured ceded mark recognition rate

( after improving the identification network)

R P PR RS PR %
i 5 672 24 96. 43
EH 672 4 99. 40
f5e 672 19 97.17
o 2016 47 97.67
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Table 3 Circle center distance of Chinese character

code mark under different light intensities ( pixel)

B Y5 S /N 12 Y ;S 24 NPT SR 2 MV S
TR 5 0.209 0.037 0.154 0. 027
EH 0.173 0.032 0.128 0. 021
P 0. 182 0. 024 0.137 0.023
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